Many environmental factors applied postnatally are known to affect milk production of the dam, but to date, the effects of different fetal environments on subsequent first lactational performance of the offspring have not been reported. Four hundred fifty heavy (H; 60.8 kg ± 0.18) and 450 light (L; 42.5 kg ± 0.17) dams were randomly allocated to ad libitum (A) or maintenance (M) nutritional regimens from d 21 until d 140 of pregnancy, under pastoral grazing conditions (HA, n = 151; HM, n = 153; LA, n = 155; LM, n = 153). At d 100 of pregnancy, a sub-group of twinbearing dams was killed and fetal mammary glands collected. From 1 wk before lambing, all remaining dams were fed ad libitum until weaning. After weaning, female progeny were managed and fed under pastoral conditions as 1 group. At 2 yr of age, 72 twin-rearing ewe offspring were milked once a week for 7 wk. Fetuses from M-dams had heavier mammary glands (P = 0.03) compared with A-fetuses. Fetuses from H-dams had greater (P = 0.0008) mammary duct area compared with L-fetuses. At 2 yr of age, M-offspring had greater milk yields at d 7 (P = 0.02) and d 28 (P = 0.09) of lactation and tended to have greater accumulated milk yields (P = 0.11) compared with A-offspring. Ewes born to M-dams showed greater lactose percentage at d 14 (P = 0.002), d 21 (P = 0.06), and d 28 (P = 0.07) of lactation and greater (P = 0.049) accumulated lactose yields and CP (P = 0.06) yields compared with Aoffspring. Ewes born to H-dams displayed greater milk yields at d 14 (P = 0.08) and d 21 (P = 0.02) and had greater accumulated milk yield (P = 0.08) and lactose yield (P = 0.04) compared with L-offspring. Lambs born to M-offspring were heavier at birth (P = 0.02) and grew faster until weaning (P = 0.02), matching the milk yield and composition data, compared with their ad libitum counterparts. Birth weight was not affected (P > 0.10) by grand dam size; however, lambs born to H-offspring grew faster from birth until d 49 of age (P = 0.03). In conclusion, dam nutrition during pregnancy affected the resulting milk production of the offspring and composition and growth of their lambs. In addition, dam size affected the milk production of the offspring, lactose yield, and growth of their lambs. These findings are important for furthering our understanding of how the environment to which the female fetus is exposed can affect her subsequent development and her ability to nourish the next generation.
INTRODUCTION
Milk is the sole source of nutrients for the newborn mammal; thus, its survival and potential to reach reproductive maturity are directly dependent upon the lactational success of its dam. Many environmental factors applied postnatally are known to affect milk pro-duction of the dam (Walker et al., 2004; Pulina et al., 2006) , but to date, little is known about the effects of in utero conditions on the subsequent lactational performance of an animal. Studies have shown that nutrition during fetal life affects fetal ovarian development (Borwick et al., 1997) , postnatal growth (Greenwood et al., 1998) , reproductive performance (Rae et al., 2002) , and metabolism (Ravelli et al., 1998; Gardner et al., 2005) . In addition, fetal mammary duct area has been shown to be decreased by poorer dam nutrition during pregnancy (Jenkinson, 2003) . Fetal mammary duct area could affect the secretory tissue mass in the mature female (Knight and Sorensen, 2001 ) and, therefore, future milk production.
Dam size could also play an important role in fetal development because it affects fetal growth through the size of the placenta, which influences the nutrient supply to the developing fetus (Mellor, 1983) . Embryo transfer and cross-breeding experiments in large and small breeds of sheep (Dickinson et al., 1962; Gootwine et al., 1993) , horses (Walton and Hammond, 1938; Allen et al., 2002) , and pigs (Wilson et al., 1998) have shown that fetal growth can be altered from the normal genetic potential by varying dam size, resulting in altered birth weight and postnatal growth.
Restricted development of the mammary gland of the female offspring due to dam nutrition and its effects on subsequent milk production or milk composition have not been demonstrated. Neither have the long-term effects of dam size on milk production or composition of the offspring been addressed. To examine these questions, we investigated the effects of dam nutrition and dam size during gestation on fetal mammary gland development and the lactational performance of female offspring at 2 yr of age. We hypothesized that offspring born to light or dams fed maintenance during pregnancy would have impaired fetal mammary gland development and subsequently a decreased milk production and lighter lambs compared with offspring born to heavy dams or dams fed ad libitum during pregnancy.
MATERIALS AND METHODS
This study was conducted at the Massey University Keeble Sheep and Beef farm, 5 km south of Palmerston North, New Zealand. The study and all animal handling procedures were approved by the Massey University Animal Ethics Committee, Palmerston North, New Zealand.
Dams
Approximately 450 of the heaviest (H; 60.8 kg ± 0.18) and 450 of the lightest (L; 42.5 kg ± 0.17) mixedaged Romney dams were selected from the extremes in a commercial flock of 2,900 ewes, on the basis of size, as determined by BW, and bred using AI as described previously by Kenyon et al. (2009) . From d 21 until d 140 postinsemination, the dams were randomly allocated, within size, to ad libitum (A) or maintenance (M) nutritional regimens (HA, n = 151; HM, n = 153; LA, n = 155; LM, n = 153) under New Zealand pastoral grazing conditions. Body weights of the dams at d 140 of pregnancy were 78.4 kg ± 0.37 and 65.0 kg ± 0.35 (P < 0.05) for A-and M-dams, respectively (Kenyon et al., 2009) . Pasture herbage was the only nutritional source, and the average pre-and postgrazing pasture covers during the period d 21 to 140 were 1,330 ± 140.0 and 804.0 ± 133.4 kg of DM/ha, respectively, for the M-feeding regimen, and 2,304.0 ± 156.8 and 1,723.3 ± 149.7 kg of DM/ha for the A-feeding regimen (Kenyon et al., 2009) .
From d 140 of pregnancy until weaning, all dams and their lambs were fed ad libitum. The offspring born to H-dams were heavier at birth than offspring born to L-dams (5.51 kg ± 0.05 vs. 5.37 kg ± 0.05; P < 0.05) and at weaning (32.7 kg ± 0.36 vs. 31.2 kg ± 0.33; P < 0.05). The offspring born to A-dams were heavier at birth than offspring born to M-dams (5.66 kg ± 0.05 vs. 5.23 kg ± 0.05; P < 0.05) and at weaning (32.8 kg ± 0.37 vs. 31.0 kg ± 0.36; Kenyon et al., 2009) . After weaning, female progeny were managed and fed to nutritional requirements as 1 group under New Zealand commercial farming practice (van der Linden et al., 2007) . The study, therefore, utilized a 2 × 2 factorial design: 2 nutrition treatments (M vs. A) and 2 dam-size treatments (H vs. L).
Fetal Mammary Glands
Based on previous findings by Jenkinson (2003) , 15 twin-bearing dams were killed at d 100 of pregnancy (HA, n = 5; HM, n = 3; LA, n = 5; LM, n = 2). A wide range of fetal organs and tissues was collected and frozen for further analysis (to be reported elsewhere). Female fetal mammary glands (HA, n = 8; HM, n = 5; LA, n = 8; LM, n = 2) were dissected, separated into left and right glands, weighed, and placed in Bouin's fixative for 20 h. After this time, excess fixative was washed out in 2 changes of 70% ethanol and the glands were stored in 70% ethanol before processing into paraffin wax (Leica Histoembedder, Leica Instruments GmbH, Nussloch, Germany). Sections of 6-µm thickness were cut, and once the ducts became visible, every tenth section of 3 µm was observed under the microscope until the complete duct system was located. Two sections of the complete duct system (3 µm thick) of each animal were mounted on individual precleaned slides (Superfrost, Menzel-Glaser, Menzel GmbH & Co KG, Braunschweig, Germany) . The mounted sections were oven-dried for 2 h at 57°C, and the slides were automatically stained with hematoxylin and eosin (Leica Auto Stainer XL). Cover slides were automatically mounted on the stained sections using xylene containing rapid mounting medium Entallan (Merck, kGaA, Darmstadt, Germany) and stored at room temperature until analysis of duct area and duct number.
Digital images, including micrometer scale bars, were taken of the duplicate hematoxylin-and eosin-stained sections per animal for determination of total duct area (µm 2 ), using an automated image analysis assay (Dragunow, 2008) . This image analysis assay automatically processed and measured duct area in images using the Metamorph v6.2.6 (Molecular Devices) image analysis package. Color images were converted to 16-bit grayscale images, and then the Detect Light Holes Morphological filter followed by a Morphological Erode filter (circle, diameter = 3) was applied to segment the regions of interest (mammary ducts). The images were then copied and calibrated to micrometers. The calibrated images were Autothresholded for Light Objects, and Integrated Morphometry Analysis (with classifiers for intensity and area) was performed on the thresholded images to measure the thresholded area of each image. Total duct areas were then recorded.
Ewes
At 18 mo of age, estrous cycles of the female progeny were synchronized using controlled internal drug release devices that contained 0.3 g of progesterone (Pharmacia & Upjohn, Auckland, New Zealand), and ewes were naturally mated with 8 crayon-harnessed rams in 2 randomly allocated groups, 10 d apart. Ewes found to be carrying twin lambs by ultrasound at approximately d 70 of pregnancy were used in the current experiment. Twin-bearing ewes were used in this study because they are of greater economic importance for the New Zealand agricultural sector than ewes bearing singletons.
Seventy-two twin-rearing ewes (HA, n = 24; HM, n = 21; LA, n = 15; LM, n = 12) were milked once per week, for 7 subsequent weeks, using the oxytocin method (Morgan et al., 2006) . The first milking commenced at d 7 (range of 5 to 9 d) after parturition. On each milking occasion, ewes were initially milked by machine followed by hand-stripping, after an intravenous injection of 1 IU of synthetic oxytocin (Oxytocin V, 10 IU/ mL, PhoenixPharm, Auckland, New Zealand). The time when the udder was empty was recorded. Animals were milked again (machine and hand-stripping) approximately 5 h later, with the time and weight of the milk recorded. Lambs were separated from the ewes and bottle-fed as required during the intervening period. Daily milk yield was calculated using the formula 24 h time between milkings milk yield at 2nd milkinǵ .
The same operators milked all ewes on each occasion in this study using a GSC 2000 milking machine (ThermaFlo, Palmerston North, New Zealand). Milk obtained by machine and hand-stripping was mixed and subsampled for analysis of milk composition (% fat, % CP, % lactose, and % casein). Milk samples were preserved with bronopol and refrigerated at 4°C until analyses of composition using a FT120-FTIR, calibrated for sheep milk (DairyNZ, Hamilton, New Zealand).
Two reference checks (fat and CP) were taken during lactation to account for changes in the matrix of the milk due to stage of lactation (DairyNZ). Before each milking, ewes were weighed and body condition scored (scale of 1 to 5; Jefferies, 1961) .
Ewes were drenched (Matrix Low Mineral, Ancare New Zealand Ltd., Auckland, New Zealand) at the first 2 milkings followed by drenching every fortnight to ensure milk production would not be affected by gastrointestinal nematode infections, which was confirmed by zero fecal egg counts.
Ewes were divided into 4 different milking groups based on time of parturition and were grazed in rotation over 5 paddocks. Weekly herbage DM was estimated using a rising plate meter (Ashgrove Pastoral Products, New Zealand; 50 readings per paddock). The average grazing cover of the 5 paddocks was 1,235.1 ± 293.0 kg of DM/ha.
Lambs
Lambs were ear tagged, identified to their mother, and weighed within 24 h after birth (HA, n = 48; HM, n = 42; LA, n = 30; LM, n = 24). Lambs were weighed weekly for the first 7 wk of life and at weaning (approximately 80 d of age). Lamb growth rates were calculated for the period from birth to d 49 of age and from birth to weaning.
Statistical Analyses
Daily yields of milk and composition data were fitted using a third-degree orthogonal polynomial for each animal:
where y i is the record of milk or composition taken at day i, α n is the n regression, and φ ni is rescaled value of day in milk i calculated as Accumulated yields of milk, lactose, CP, fat, and milk NE (Holmes et al., 2002) were calculated over a 50-d lactation period for each animal using the estimates of the regression coefficients of the third-degree orthogonal polynomial. Concordance correlation coefficients were calculated for all variables and were 75% or greater, indicating a good fit of the models.
Fetal weight, fetal mammary gland weight and total duct area, and total number of ducts were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) with a linear model that included the fixed effects of van der Linden et al. dam nutrition, dam size, the interaction of dam nutrition × dam size, and the random effect of milking group. Significant covariates (P < 0.05; dam BW, fetal weight, or fetal mammary gland weight) and their interaction with main effects stayed in the model.
Repeated measures analysis of milk yield, milk composition, ewe BW, ewe BCS, and lamb BW were undertaken using the MIXED procedure of SAS with a linear model that included the fixed effects of dam nutrition, dam size, the interaction of dam nutrition and dam size, and the random effect of milking group. Accumulated milk, lactose, CP, fat yield, and milk NE were analyzed using the MIXED procedure with a linear model that included the fixed effects of dam nutrition, dam size, the interaction of dam nutrition × dam size, and the random effect of milking group. Lamb growth rates were analyzed using the MIXED procedure with a linear model that included the fixed effects of dam nutrition, dam size, the interaction of dam nutrition × dam size, and the random effect of milking group. Sex of the lamb was fitted in the model as a fixed effect where applicable.
Ewe efficiency was calculated as the regression (β 1 ) of accumulated milk, lactose, CP and fat yield (kg), and milk NE (MJ) over 50-d lactation period, total lamb birth weight, BW at d 49 of lactation, and weaning weight on ewe metabolic BW at mating (LW 0.75 ) of ewes for each of the dam treatment (dam nutrition or dam size) with the following model:
, where y klm is the dam variable measured on ewe l from dam treatment k in milking group m, β 0k and β 1k are regression coefficients describing the regression line in dam treatment k, M m is the random effect of milk group m, and e klm is the residual error corresponding to the observation y klm . The effect of sire was not included in the statistical model for the analyses of the data because semen of the sires was evenly and randomly distributed over the dams among the treatment groups (Kenyon et al., 2009) . No interactions between dam nutrition and dam size were detected (P > 0.10); therefore, only the main effects are reported.
RESULTS

Fetal Mammary Glands
Fetuses from M-dams had heavier (P = 0.03) mammary glands at d 100 of pregnancy compared with A-fetuses (Table 1) . Dam nutrition had no effect (P > 0.10) on total duct area or total number of ducts. No damsize effect was found on fetal mammary gland weight. However, H-fetuses had greater (P = 0.0008) mammary duct area compared with L-fetuses, without an effect of dam size on total number of ducts. Dam nutrition and size had no effect (P > 0.10) on fetus weight at d 100 of pregnancy.
Ewe BW and Condition
Dam nutrition had no effect (P > 0.10) on ewe BW during the first 49 d of lactation. Ewes born to H-dams were heavier (P < 0.05) throughout the first 49 d of lactation compared with L-ewes (Figure 1) . No dam nutrition or size effects (P > 0.10) were found for ewe BCS during the first 49 d of lactation (data not shown).
Lactation Curve and Milk Composition
Ewes born to M-dams showed greater milk yields at d 7 (P = 0.02) and a trend on d 28 (P = 0.08) compared with A-ewes. Ewes born to M-dams showed greater lactose percentage at d 14 (P = 0.002), and a trend on d 21 (P = 0.06) and d 28 (P = 0.07) of lactation and showed greater (P = 0.049) accumulated lactose yields compared with A-ewes ( Figure 2 and Table 2 ). Ewes born to M-dams tended (P = 0.06) to have greater accumulated CP yields compared with A-ewes. Ewes born to H-dams showed greater milk yields at d 14 (tendency, P = 0.08) and d 21 (P = 0.02) and tended (P = 0.08) to have greater accumulated milk yield compared with L-ewes. Ewes born to H-dams showed greater lactose percentage at d 21 (P = 0.02) of lactation and had greater (P = 0.04) accumulated lactose yields Table 1 . Fetal weight, fetal mammary gland weight (g), total duct area (µm 2 ), total number of ducts, and total number of ducts containing lumen at d 100 of gestation of twin-fetuses carried by dams fed ad libitum (A; n = 16) or maintenance (M; n = 7) during gestation and fetuses carried by heavy (H; n = 13) or light (L; n = 10) dams No dam nutrition or size effects were found (P > 0.10) for CP and casein percentage (data not shown), accumulated fat yield, or milk NE over a 50-d lactation period.
Lamb Birth and BW
Lambs born to M-ewes were heavier (P = 0.02) at birth, remained heavier (P < 0.05) during the first 49 d after birth, and were heavier at weaning (P = 0.05) compared with lambs born to A-ewes (Table 3 ). In addition, lambs born to M-ewes had greater (P = 0.02) growth rates from birth to d 49 of age and from birth to weaning (P = 0.02). Birth weight was not affected (P > 0.10) by grand dam size; however, lambs born to H-dams were heavier (P < 0.05) from 21 d until d 42 after birth, tended (P = 0.09) to be heavier at d 49, and were heavier (P = 0.03) at weaning. Lambs born to H-ewes had greater (P = 0.03) growth rates from birth to d 49 of age, however, no effects (P > 0.10) of grand dam size on lamb growth rates were found from birth to weaning.
Efficiency Per Kilogram of Metabolic Ewe BW at Mating
The regression coefficients of ewe LW 0.75 on milk yield, lactose, CP and fat yield, milk NE, and lamb BW at 49 d of age were different (P < 0.05) from zero in A-ewes. The regression coefficient of ewe LW 0.75 on lamb weaning weight tended (P < 0.10) to be different from zero in A-ewes (Table 4) . For M-ewes, the regression coefficients of ewe LW 0.75 on milk yield and CP yield tended (P < 0.10) to be different from zero. The regression coefficients of ewe BW 0.75 on lactose or fat yield, milk NE, lamb birth weight, lamb BW at 49 d of age, or lamb weaning weight were not different (P > 0.10) from zero in M-ewes.
For H-ewes, the regression coefficients of ewe BW 0.75 on milk yield, lactose, CP and fat yield, milk NE, and lamb BW at 49 d of age were different (P < 0.05) from zero. The regression coefficients of ewe BW 0.75 on lamb birth and weaning weight tended (P < 0.10) to be different from zero in H-ewes. For L-ewes, the regression coefficients of ewe BW 0.75 on milk yield, lactose, CP and fat yield, milk NE, lamb birth weight, lamb BW at 49 d of age, or lamb weaning weight were not different (P > 0.10) from zero.
Ewes born to H-dams tended to produce more kilograms of lamb at birth per kilogram increase in ewe LW 0.75 at mating compared with L-ewes (0.30 kg ± 0.15 vs. −0.19 kg ± 0.20; P = 0.06; for H-vs. L-ewes respectively).
DISCUSSION
Dam Nutrition Effect
This study is the first to show that the plane of nutrition of the dam from d 21 to 140 of pregnancy alters fetal mammary gland weight, milk yield, lactose and CP yields, and lactose percentage in offspring at 2 yr of age.
Fetal mammary glands were heavier in fetuses carried by dams fed maintenance compared with their ad libitum counterparts; however, no differences in the number of ducts or ductal area were found. This is in contrast with results of Jenkinson (2003) who showed (2003) and Berry et al. (2008) and the possibility that restricted development of the parenchymal tissue in early fetal life would reduce the secretory tissue mass in the mature female (Knight and Sorensen, 2001) , it was hypothesized that M-ewes would have a reduced milk yield compared with A-ewes. However, milk production was greater in M-ewes, and in addition, the lambs of the M-ewes were heavier at d 49 of age and at weaning and grew faster compared with lambs born to A-ewes. This finding is in agreement with Koch (1972) , who sug- gested that the environmental covariance between offspring and dam correlation is negative. Thus, offspring born to and reared by dams with low milk production would have high milk production when rearing their offspring, which would then result in greater weaning weights. The work of Koch (1972) would suggest a critical window during early postnatal life that affects the milking and rearing ability of the offspring; however, the current study showed that dam nutrition had an effect on the fetal mammary gland weight. Therefore, the combined results indicate it is not possible to identify whether the cyclical pattern of milk production is due to factors in the fetal period, the early postnatal period, or a combination of both. A cross-fostering trial is necessary to untangle these possible contributions to milking performance.
No effect of plane of nutrition on duct area was found in this study, so the heavier mammary glands of Mfetuses compared with A-fetuses could be due to larger fat pads in the glands of the M-fetuses. Fat pads mediate the action of GH in mammary gland development (Walden et al., 1998) , which, in turn, could explain the greater milk yield by the M-ewes due to enhanced mammary gland differentiation in their first lactation. Mammary gland growth was reduced in the offspring of rats fed a low-protein diet during the gestation and lactation of the dam (Fernandez-Twinn et al., 2007) . Subsequently, the mammary glands of offspring from dams fed low-protein showed rapid compensatory development, specifically in epithelial density, for up to 2 wk after weaning (Fernandez-Twinn et al., 2007) . Mammary gland size during lactation was not measured in this study; however, compensatory differentiation within the mammary gland could have occurred in M-ewes, given that they had greater BW gain compared with A-ewes after weaning until 1 yr of age (56.9 g/d ± 1.5 vs. 52.0 g/d ± 1.5; P = 0.02; for M-ewes vs. A-ewes respectively; van der Linden et al., 2007) . Caution needs to be taken, however, when ruminants are compared with rodents because rodents are less developed at birth compared with lambs.
The volume of milk produced is, in large part, a function of the amount of lactose produced (Shennan and Peaker, 2000) ; thus, the greater lactose synthesis in the M-ewes, and hence, a tendency to greater milk yields may be due to increased metabolic activity of the mammary gland (Nielsen et al., 2001; Xiao and Cant, 2005) or a greater amount of secretory tissue. The volume of milk produced is, to a much lesser extent, a function of the lactose concentration in the milk. A decreased lactose concentration is associated with a greater volume of milk. However, M-ewes produced milk with a greater lactose percentage compared with A-ewes, indicating differences in the integrity of the glandular epithelium perhaps related to a difference in the regulation of the trans-epithelial ionic concentration gradient across the mammary epithelium. Thus, we suspect that the experience of the ewe as a fetus may affect not only the amount of secretory tissue present in the adult, but also its physiological activity.
Lamb birth weight is positively correlated with dam glucose production, without an increase in propionate availability in ewes, indicating that the precursors for glucose production are derived from glycerol and (nonessential) AA (Wilson et al., 1983) . In addition, Wilson et al. (1983) suggested that dam glucose production could be one of the factors influencing milk production and consequently have some control over lamb growth rates. Previous work, in the same cohort (D. S. van der Linden, P. R. Kenyon, H. T. Blair, N. Lopez-Villalobos, C. M. C. Jenkinson, S. W. Peterson, D. D. S. Mackenzie, unpublished data), has shown that M-ewes had greater glucose production in response to epinephrine challenge compared with A-ewes at 16 mo of age (86.1 mM·min L −1 ± 1.89 vs. 79.1 mM·min L −1 ± 1.93; P = 0.01; area under the glucose curve for M-ewes vs. Aewes, respectively). These results indicate that M-ewes could have an advantage over A-ewes in physiological stressful situations in life (e.g., pregnancy or lactation) because their liver is able to supply more glucose to support their growing conceptus and milk production, which could explain heavier lambs at birth and greater milk yield and faster growing lambs in M-ewes compared with A-ewes as observed in the present study.
The decreased concentration of lactose and decreased milk yield in A-ewes is consistent with less incidence of Table 2 . Accumulated milk, lactose, CP, and fat yield (kg), and milk NE (MJ) over 50-d lactation period of ewes born to dams fed ad libitum (A; n = 39) or maintenance (M; n = 33) during gestation and ewes born to heavy (H; n = 45) or light (L; n = 27) dams (sub)clinical mastitis (Auldist and Hubble, 1998) . However, casein concentrations, which tend to be depressed in mastitis (Auldist and Hubble, 1998; Leitner et al., 2004) , did not differ between the groups. Somatic cell counts, which would have provided a more definitive indication of the mastitis status of the groups, were not measured. Thus, although not being able to counter the possibility that the differences in milk yield and composition between the groups reflected a difference in susceptibility to bacterial infection, this should not preclude consideration of more direct physiological explanations.
Dam nutrition had no effect on fat yield or energy content of the milk; however, M-ewes had heavier and faster growing lambs until weaning. Although, M-ewes had greater lactose and CP yields, these greater yields seem unlikely to totally explain the heavier lambs and greater growth rates. Therefore, it is suggested that dam nutrition in utero has affected either an unknown component in the milk or M-ewes were cued in utero in such a way that these animals are more efficient at producing their offspring. This concept is supported by the observation that M-ewe BW 0.75 at mating did not drive lamb birth weight, lamb BW at d 49 of age, or lamb BW at weaning, whereas ewe BW 0.75 did drive these lamb variables in A-ewes. Thus, this may indicate that M-ewes are cued by dam nutrition in utero to produce heavier offspring.
The current data indicate that ewes born to a dam fed maintenance during pregnancy may have an advantage over ewes born to A-dams. Thus, ad libitum feeding during pregnancy could be potentially more harmful than maintenance feeding because the lactational performance in the A-ewes was impaired compared with M-ewes, which is in agreement with work investigating the effects of ad libitum diet during pregnancy on subsequent lactational and reproductive performance in dairy cows (Lacasse et al., 1993; Khan et al., 2002; Beever, 2006) . Further investigation is required to determine the mechanism(s) involved because it could have implications for growth and development of the next generation of offspring.
Dam Size Effect
No difference in fetal mammary gland weights was found between fetuses carried by H-or L-dams. However, H-fetuses showed greater duct area compared with L-fetuses, without a difference in duct number. The greater ductal area in the fetal mammary gland of Hfetuses may explain the increased milk yield in H-ewes compared with L-ewes, because secretory cells proliferate on alveoli branched off the ducts (Knight and Sorensen, 2001) . In addition, H-ewes were heavier than L-ewes, and previous research has shown that larger/ heavier animals within or between breeds can produce more milk (Gardner and Hogue, 1966; Hansen, 2000) . A larger body size enables the animal to have greater energy intakes, which is reflected in a greater amount of precursors for milk synthesis reaching the mammary gland and subsequently greater milk yield (Armstrong and Prescott, 1970) . Table 3 . Lamb birth weight (kg), lamb BW (kg) at d 49 of age and weaning, and lamb growth rates (g/d) from birth to d 49 (GR birth-d49 ) and from birth to weaning (GR birth-wean ) for lambs born to grand dams fed ad libitum (A; n = 78) or maintenance (M; n = 66) during pregnancy and lambs born to heavy (H; n = 90) or light (L; n = 54) grand dams No interactions between grand dam nutrition and grand dam size were detected (P > 0.10); therefore, only the main effects are reported. Data are presented as least squares means (±SE). Table 4 . Regression (β 1 ) of accumulated milk, lactose, CP, and fat yield (kg), and milk NE (MJ) over 50-d lactation period, total lamb birth weight, BW at d 49 of lactation, and weaning weight on ewe metabolic BW at mating (BW 0.75 ) of ewes born to dams fed ad libitum (A; n = 39) or maintenance (M; n = 33) during gestation and ewes born to heavy (H; n = 45) or light (L; n = 27) dams No interactions between dam nutrition and dam size were detected (P > 0.10); therefore, only the main effects are reported. Table shows estimate β 1 (±SE).
*β 1 significantly different from zero (P < 0.05). †β 1 tend to be different from zero (P < 0.10).
van der Linden et al.
Larger animals have been found to be less efficient compared with their smaller counterparts (Gardner and Hogue, 1966; Hansen et al., 1999) , which is in agreement with the current results. The variation in lamb birth weight tended to be controlled by ewe BW 0.75 at mating for H-ewes, indicating that heavier H-ewes at mating produce heavier lambs at birth; no difference in lamb birth weight was found between dam size groups. In addition, lambs born to H-ewes did not grow faster until weaning than lambs born to L-ewes. However, lambs born to H-ewes were heavier at weaning than lambs born to L-ewes.
In conclusion, this is the first study to show that dam nutrition during pregnancy affects fetal mammary gland weight, milk production, lactose percentage, lactose and CP yields of the offspring, and growth to weaning of the grand offspring. Dam size during pregnancy affects milk production of the offspring and growth to d 49 of age of the grand offspring. These findings are important for furthering our understanding of how the environment to which the female fetus is exposed can affect her subsequent development and her ability to mother the next generation. However, the precise mechanism(s) involved requires further investigation.
